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Abstract 
Mechanical treatment of waste printed circuit board in crushing - sorting to separate valuable metals component, will 
produce a large amounts of glass fiber resin powder (ie, non-metallic powders), which has become the problem of 
world's electronic waste disposal. In this paper, the present situation of non-metallic materials’ generation, treatment 
and disposal, reutilization technology and methods were surveyed and comparatively analysed. Combined with the 
analysis on the generation, component, interfacial and microstructure characteristics, a better available route for 
treatment on non-metallic materials was proposed. 
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1. Introduction 
At present, the number of waste printed circuit board (WPCBs) is increasing year by year, more than 
one million tons was produced in china. The valuable metal in WPCBs has huge economic value, and 
therefore increased crushing - sorting separation technology to extract valuable metals from WPCBs; 
scrap circuit boards crushing - sorting valuable metals isolated ingredients will produce large amounts of 
resin powder which was the component of fiber glass (ie, non-metallic powders), due to it,s more 
complex components and relatively low value of recycling, it’s resource utilization study is relatively few. 
Stage of the electronic waste dismantling and processing distribution, as well as a part of the small and 
medium recycling enterprises extracted to recover valuable metals, the WPCBs can be sent directly to the 
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metal smelter for deep processing or electrolytic purification, but produced hundreds of thousands of tons 
of WPCBs non-metallic powders annually, which was not disposed reasonably. 
Non-metallic powders are composed by the circuit board substrate material and resin powder. The 
main components are as follows: organic substances such as phenol resin, epoxy resin, and brominated 
flame retardant, and glass fibres including silica, calcium oxide, calcium oxide, aluminium oxide, etc.  
There are two kinds of powder: glass fibre based powder and paper based powder, and the particle 
diameter was among 0.3-0.15 mm, with flake shape, particle size 0.15-0.125 mm as long rod, particle 
diameter <0.07 mm chopped fiber and resin powder; which for paper base powder, the particle size 
between 0.3-0.125 mm material with the flaky shape, and materials of particle size <0.07 mm with the 
powder shape[1].  
Table1:     Manifestations of non-metallic powder in different size 
 
 
 
 
 
 
 
 
 
 
 
 
                                                    ˄a˅scrap                                                                     ˄b˅powder 
Fig.1 Non-metallic materials of waste PCB 
Currently, the existing domestic and international non-metallic powders processing methods mainly 
include landfill, incineration, and open dumps. As the non-metallic powder containing few quantities of 
heavy metals, landfill may cause potential threat to the environment and security, for the leachate would 
penetrate to groundwater. On the other hand, it increases the shortage of land and is a waste of resources. 
For incineration, non-metallic powders contains a large number of low calorific value composite, such as 
glass fibers and other inorganic constituents,. As a result, the heat generated in the incineration is not high. 
ingredient particle size 
flaky powder 0.3-0.15 mm 
long rod-like powder 0.15-0.125 mm 
chopped fiber and resin powder <0.07 mm 
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Meanwhile, it may produce large amounts of dioxins and other carcinogens, causing serious 
environmental contamination. 
Due to the limited safety landfill and incineration processing capacity in accordance with related 
environmental requirements, and also the high cost of treatment, a large number of non-metallic powders 
were dumped, which increase the local environmental load. Therefore, how to make the WPCBs non-
metallic powders comprehensively utilized or disposed has become a significant task. 
2. Techniques and methods of non-metallic powders utilization  
According to the different properties of the composite materials, non-metallic materials from wasted 
printed circuit board could be formed to many new composite materials. 
2.1         Preparation of building materials 
2.1.1 Preparation of modified asphalt 
Asphalt is widely used as viscoelastic material in paving and bridge construction. Due to its 
rheological properties the unmodified asphalt has high temperature sensitivity which is difficult to meet 
the special requirements of application in high and low temperature. The improvement of asphalt 
performance becomes particularly important when it comes to the increasing traffic load under different 
climate conditions and resistance to permanent deformation, cracking and water damage destruction. 
Though the polymer is more common in asphalt modified bitumen modified form, the price is more 
expensive than polymer modifier, which limits the dosage of modifying agent. In order to reduce the cost 
of the modified asphalt, recycled materials, such as non-metallic powders are used as modifier.  
 
2.1.2 Preparation of environmentally-friendly cement mortar  
Zhang[2] invented a method of usage of non-metallic powders of WPCBs, which was to make 
environmentally friendly cement mortar. In this application, non-metallic powders ware incorporated into 
the cement mortar, or replaced certain amount of sand, together with silane coupling agent in accordance 
with certain proportion of the powders. After stirring and molding, the cement mortar can be prepared 
with expected performance. As cement mortar additive, the physical and chemical properties of cement 
products with non-metallic materials and standard cement products were compared. The results showed 
that the compressive strength of the non-metallic powders modified cement products enhanced 10%, 
better than standard cement products. But with the ratio (wt%)  of dosage increasing, the compressive 
strength of cement mortar declined, and the best addition of non-metallic powders was 20%. 
 
2.1.3 Preparation of environmentally friendly concrete members 
The use of high-pressure compressor and cement curing are two ways of the disposing for non-metallic 
powders. The high-pressure compression technology can reduce the volume, but the compression 
resistance is poor and can-not maintain a long time. Cement solidification technique can be used to make 
concrete blocks with WPCBs powder, resulting a high impact resistance and compressive strength. Wang 
Ru[3]  invented a non-metallic powders environmentally friendly concrete, which made a certain 
proportion of non-metallic powders, cement, sand and gravel water reducing agent mixing, then molding. 
With the incorporation of coupling agent surface treatment and emulsion composite powder modified 
design, the ideal performance concrete structural components can be achieved. The invention made the 
cement mortar obtain superior performance of flexural and compressive strength.  
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2.2   Preparation of composite materials 
The use of non-metallic powders materials in place of the conventional fillers preparation composite 
research has become a hot topic in the study of non-metallic resources. Meanwhile,  the application of 
non-metallic materials reduced the cost of the composite, and also increased the mechanical properties of 
the composite.  
 
2.2.1  Preparation of glass fiber reinforced plastic materials 
Utilizing the WPCBs, Xiang[4] crushed them into powder, isolated non-metallic powders and dried, 
molded design requirements in accordance with the FRP(fiber reinforced plastic) products, added raw 
materials, and FRP products can be obtained. Compared with present method, the use of WPCB non-
metallic powders, after the test of the national FRP quality testing center, non-metallic powders in the 
short glass fiber improved FRP mechanical and physical performance, especially bending strength have 
been significantly improved, and products met the requirements of the technical, economic and green. 
Plus reasonable glass fiber material ply design and the molding method, the process is simple, cost-
reduction, making this recycling technology a big application.  
 
2.2.2    Preparation of phenolic molding compound 
Phenolic molding is usually based on the phenolic resin as a matrix, then adding filler, curing agent, 
and other additives. Then molded plastic products are prepared through the plastication and molding 
process. Foreign researchers also studied phenolic molding alternative materials; American, Rogers found, 
phenolic molding powder instead of wood flour, when the filler amount is 30% [5], the flexural strength, 
the charpy impact strength, the water absorption and the heat resistance of the new material are 
significantly improved. And Paiva, Kharade [6], Hattali [7] [8], carried out with lignin instead of wood flour 
for the production of molded plastic, results showed that adding non-metallic powders as filler in phenolic 
molding can reduce shrinkage during the curingrate, and enhance the compressive strength and hardness, 
and improved heat resistance and flame resistance, improve dielectric propertie. With so many advantages, 
such as easy to get raw materials, simple production method, cheap and good technology,  excellent 
electrical, mechanical and heat resistance, non-metallic powders may have a wide range of applications in 
the electrical, electronic and machinery manufacturing industries. 
 
2.2.3     Preparation of wood-plastic composite 
Wood-plastic composite(WPC) is made of wood or wood fiber materials and thermosetting materials or 
thermoplastic synthetic. WPC has the appearance and quality of the wood, and also has good processing 
properties of thermoplastics. As a result, WPC are widely used in the building products that have fewer 
requirements on the structure and function, such as decking, fence, industrial flooring and landscape 
materials field. When it comes to the resources recovery and environmental protection, utilizing non-
metallic powders instead of wood powders to produce WPC can solve the environmental problems 
produced by open-dumping of the non-metallic powders, meanwhile, save the wood flour resources. Guo 
Yuwen [9] [10] used the non-metallic materials, wood flour, PVC compounding chloride, ethylene and other 
raw materials, mixed to a certain weight ratio after some process and productions were made. The method 
not only attain the rational utilization of the resource, but also conducive to environmental protection.   
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 (a) sewer                                                                 (b)composite boards 
Fig.2   Wood-plastic products made from non-metallic materials 
2.2.4     Preparation of other composite 
Mou Peng Epoxy used non-metallic powders as filler to the production of composite panels, non-
metallic powders obtained by grinding to replace talc and silica powder and added to the epoxy resin 
adhesive, and then molded to make composite panel. Shen Zhigang published a method to reduce 
environmental pollution, at the same time, recycle the non-metallic powders in the waste printed circuit 
board: a) separate the non-metallic powders by sieving or air flow classification equipment, b) the graded 
non-metallic powders were subjected to a surface modification treatment, c) finally, it was filled to the 
base material of the polymer materials and building materials. It reduced the cost of the material of the 
base body, and improved the performance of the base material. Duan Huabo[11] investigated the reuse of 
non-metallic material separated from PCBs residues before and after thermo-shocked pre-treatment and 
with the blending of various additives from silane coupling agents, lubricant agents, anti-oxidizing agents 
to processing modifier, the non-metallic material could be filled to produce polymeric composite 
materials subjected to the injection and molding processes. This method was also appropriate to thermo-
shocked non-metallic powders. The mechanical property was qualified by compared with the standard 
limit of related composite materials. The maximum amount of non-metallic powders that could be added 
to a composite board was 30w%,with the additive agents of: silane coupling agents(1%), lubricant 
agents(1%), anti-oxidizing agents(1%) and processing modifier(5%). The method for recycling non-
metallic powders is easy to realize under the existing production process conditions, furthermore, it could 
obtain good social and economic benefits.  
2.3     Preparation of municipal facilities products 
Non-metallic powders utilization has also been reflected in the municipal building. Dongjiang 
environmental protection Co., Ltd. [12] invented one PCB processing methods to make composite 
municipal products. Through the separate collection of waste thermoplastic broken into small pieces or 
granulated, with a given weight ratio of non-metallic powders, after mixed and heated, the melted 
material is poured into the mold, and at last pressed municipal products composites was chieved. The 
method is simple, need few investment, and the raw materials are easy to obtain. It can be selected 
according to the reality and economic needs to get plastics production.  
3. Non-metallic powders resource comparison 
The composite materials made of non-metallic powders , are becoming a hotter technological study. 
But the present product performance is difficult to guarantee the security problems and the high cost of 
potential environmental problems. The various utilization of non-metallic powders were compared with 
the advantages and disadvantages in the table 2. 
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Table 2˖           Non-metallic powders resource comparison 
Preparation of resource products Feasibility compare 
modified asphalt Improve the high temperature properties of the asphalt and reduce the cost 
construction materials Not obvious economic benefits 
glass fiber reinforced plastic 
materials Improve the mechanicalˈphysical properties and flexural strength
phenolic molding compound Method is simple, cheap, good technology, and excellent electrical, mechanical and heat resistance 
wood-plastic composite Solve the issues of environment and the resources of wood flour 
recycled plastic sheet The process is simple, versatile˗and reduce environmental pollution, 
municipal facilities products Low investment, low cost, and wide range of sources of raw materials 
4. Conclusions and prospects 
WPCBs are sorted as wastes, containing available divalent metals, and have recycling value. However, 
the metal recovery process will produce a lot of non-metallic powders. Though composite materials are 
widely used as a kind of utilization of non-metallic powders, the performance of the products is difficult 
to guarantee. Furthermore, the potential pollutants emission and high cost become another problem, 
which influence the application of composite materials. In order to solve the problems, a good solution is 
proposed: the non-metallic powders is a) well crushed, b) high-speed mixing, c) extrusion and granulation, 
d) moulding, e) environmental risk analysis. This process is adequate to mechanical and physical 
recovery of non-metallic materials. The non-metallic materials can be widely used as construction 
materials, municipal facilities, composites, and so on. The utilization of non-metallic powders could turn 
waste to products, which reduces the disposal cost and is beneficial to the society. 
 
575 Wenhong Li et al. /  Procedia Environmental Sciences  16 ( 2012 )  569 – 575 
References 
[1] Guo J. Crushing - sorting the resource utilization of waste printed circuit boards in the non-metallic powders. Shanghai Jiaotong 
University PhD thesis of 2011. 
[2] Wang R, Wang PM, Zhang TF. A non-metallic powderss of waste printed circuit boards environmentally friendly cement mortar 
in China Patent No.: 201110178408.4,2011. 
[3] Wang R, Wang PM, Zhang TF. A non-metallic powderss of waste printed circuit boards environmentally friendly concrete in 
China Patent No.: 201110295233.5,2012. 
[4] Xiang D, Duan GH, Wang JS. A method of use of non-metallic powderss of waste printed circuit board production of FRP 
products in China Patent No.: 20,061,001,117.5, 2006. 
[5] Huang FR, Jiao YS. Phenolic resin and its application, Beijing Chemical Industry Press, 2003. 
[6] Kharade, A. Y.; Kale, D. D. Effect of lignin on phenolic novolak resins and moulding powder. Eur.Polym. J. 1998. 
[7] Hattali, S.; Benaboura, A.; Dumar ay, S.; Gérardin, P. Evaluation of alfa grass soda lignin as afiller for novolak molding powder. 
J. Appl. Polym. Sci. 2005. 
[8] Paiva, J. M. F.; Frollini, E. Sugarcane bagasse reinforced phenolic and lignophenolic composites.J. Appl. Polym. Sci. 2001. 
[9] Guo YW, Qiao Q, Liu JY. A waste printed circuit boards nonmetal powder / polypropylene composite material and its 
preparation method China Patent No.: 201010113699.4. 
[10] Guo YW ,Qiao Q, Liu JY. A waste printed circuit board non-metallic powders / PVC / Wood Flour Composites and its 
preparation method patent number: 201010113698.X. 
[11] Duan HB,Li JH,Wang ST. An innovate method to recycle non-metallic materials from waste printed circuit board[J]. China 
Environmental Science,2012,1:1-4. 
[12] Liu LJ, Bian YY, Xie HH, Wu JQ, Ou SJ, Zheng ZT. Dongjiang Environmental Company Limited. Abandoned PCB 
processing methods into a composite municipal products. 
[13] Xu ZM, Guo J, Wang SF, Guo JY. Use of waste printed circuit boards of non-metallic powders preparation of modified asphalt. 
Patent No.: 200810042789.1,2011. 
[14] Yu JP, Wang YM, Liu Y. Scrap circuit boards in non-metallic powders as asphalt modifier additives [A] Shanghai Institute of 
Chemistry and Chemical Engineering 2007 Annual Conference Paper Abstract set. 2002:105-106. 
[15] Guo JY. Waste printed circuit boards filled with non-metallic materials of unsaturated polyester bulk molding compounds and 
modified bitumen. Shanghai Jiaotong University, a master's degree thesis.: 59-76. 
[16] Qiu J, Wang ZM, Li QS. A waste circuit board non-metallic powders modified epoxy fiberglass composites China Patent No.: 
201110357741.1,2012. 
[17] Li H, Liu XP, Xiang D, Duan GH ,Mao LS, Mou P, Zhong JF, Meng JF. A metallic powder-filled phenolic resin composite 
material and its preparation method. Patent No.: 200910235349.2,2011. 
[18] Qiu J, Wang ZM, Li QS.A nonmetal powder filling modification of a waste circuit board wood plastic composites China Patent 
No.: 201110357869.8. 
[19] Qiu J, Wang ZM, Li QS.A preparation of a waste circuit board non-metallic powders modified waste plastic composite 
materials in China Patent No. :: 201110358001.X, 2012. 
[20] Shen ZG, Jiang CC, Ma SL, Xing YS .Waste printed circuit boards in the use of non-metallic materials in China Patent No.: 
200510083981.1,2005. 
[21] Ye GJ, Li ZL, Pan XY, Wang L, Zhi H. Sichuan Changhong Electric Co. polypropylene composites and waste printed circuit 
board recycling methods: 200710201910.6, 2009. 
[22] Xu ZM ,Guo J. Use of crushing - sorting waste printed circuit boards preparation municipal manhole cover. Patent No.: 
201110082677.0, 2011. 
[23] Smith, P. M.; Wolcott, M. P. Opportunities for wood/natural fiber-plastic composites in residential and industrial applications. 
Forest. Prod. J. 2006, 56 (3): 4-11. 
